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RESEARCH & TECHNOLOGY

Occurrence and Significance

of Cryptosporidium in Water

Joan B. Rose

Three outbreaks of waterborne disease have been attributed to Crypfosporidium—two linked
to drinking water and a third to surface water-—yet the risk of waterborne disease is unknown
because many factors may contribute to transmission. Of 107 surface water samples collected
in six western states, 77 were positive for the presence of Cryptosporidium oocysts. A high
count was found in raw sewage (1,732 oocysts/L), whereas low counts were found in waters
without waste discharges (0.04 oocysts/L). Cryptosporidium has also been detected in
drinking water. Little information is available, however, on oocyst survival in the environment
or during sewage and drinking water treatment processes. Further research is necessary to
define the variables that will influence the possible presence of infectious oocysts in water. It
has been suggested that the epidemiology and transmission of Crypfosporidium are similar to
Giardia. Based on environmental occurrence, the risk of Cryptosporidium transmission by the
water route may be equal to or greater than that of Giardia.

Cryptosporidium has recently been
recognized as an important microbial
contaminant of water,! but its potential
for transmission remains unknown. To
adequately address the risk of water-
borne transmission and waterborne
disease, it is necessary to know (1) what
the exposure through water is and (2)
what disease manifestations occur at
these levels of exposure.

During the last five years, a tre-
mendous amount of research has been
published on Cryptosporidium. Relevant
to the occurrence and significance of
Cryptosporidium in water are (1) specific
features of the organism that enhance
its potential for transmission by water,
(2) documentation of waterborne out-
breaks, (3) methods for recovery and
detection of Cryptosporidium in water,
(4) data on occurrence in water, and (5)
the ability of the organism to survive in
water and water treatment processes.
This article reviews literature that
pertains to the transmission of Crypio-
sporidium by water and presents original
data on the occurrence of Cryplosporid-
tum in waters in the western United
States. )

Taxonomy and life cyele
of Cryptosporidium

Cryptosporidium is taxonomically de-
scribed as a coccidian protozoan. It has
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been placed in the phylum Apicomplexa,
theorder Eucoccidioridia, and the family

‘Cryptosporidiiae.?2 Cryptosporidium was

first described in 1907 by Tyzzer® as
found in the gastric mucosa of mice.
Many species were identified and differ-
entiated taxonomically by the host from

which the parasite was isolated.* It
became apparent, however, that many
mammalian isolates were able to cause
infection in other mammals. .
Levine* suggested four species desig-
nations corresponding to isolates from
mammals, birds, reptiles, and fish. This
classification has not been validated.
Four species are recognized, however—
C. parvum and C. muris’ found in
mammals, and C. bailey: and C. mele-
agridis S found in birds. Cryplosporidium
parvum is the major species responsible
for clinical illness in humans and
animals.” A distinct isolate associated
with adult cattle has recently been de-
scribed by Anderson.? Little is known
about its taxonomy or host specificity.
Two aspects of the taxonomy and life
cycle of Cryptosporidium enhance the
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Figure 1, Life cycle of Cryptosporidium (this drawing was originally published by the
American Society for Microbiology in Microbiological Reviews, 50:458 [1986])
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possibility of waterborne transmission.
First, a single species may beresponsible
for much of the diarrheal illness in
mammals, including humans. Second,
an environmentally stable oocyst is ex-
creted in the feces of infected individuals.
The organism appears to be ubiqui-
tous. It is found in both domestic animals
(cattle, sheep, swine, goats, dogs, and
cats) and wild animals (deer, raccoon,
foxes, coyotes, beavers, muskrats, rab-
bits, and squirrels).” Fayer and Ungar®
have recently reviewed the cross-trans-
mission studies on Cryplosporidium.
Most significant are the data indicating
that isolates from cats, cattle, and pigs
are able to initiate infection in humans.
Conversely, human isolates have pro-
duced infection in cats, dogs, cattle,
goats, sheep, pigs, mice, and rats. Al-
though Cryptesporidium infections may
be common in bird populations, isolates
from birds, chickens, and turkeys have
not produced infections in mammals.®
The C. batleyt found in birds may not be
a major source for human infections, yet
it is uncertain whether the same is true
for C. meleagridis. ,
Cryptosporidinm in humans, like many
other important waterborne pathogens,
completes its life cycle in the gastroin-
testinal tract. Because it is an obligate
parasite, it can replicate only within its
host. 1t is different from other enteric
protozoa, such as Giardia,in morphology
and life cycle. Thelife cycle of C. parvum
begins with ingestion of the infectious
stage—the oocyst—which releases four

sporozoites after excystation. This stage -

initiates infection within the epithelial
cells of the gastrointestinal tract. The
sporozoite differentiates into the tropho-
zoite, which undergoes asexual multipli-
cation to form type I meronts and then
merozoites, which may infect new host
cells. Merozoites from type II meronts
produce microgametocytes and macro-
gametocytes, which undergo sexual
reproduction to form the oocyst, which
is then excreted in the feces (Figure 1).2
The oocysts are immediately infective
upon excretion.

It appears that C. parvum is the major
species of concern causing illness in both
humans and animals.” Many mammals
may serve as reservoirs of infection for
humans.” This cross-species transmis-
sion increases the potential for water-
borne disease because animals, in addi-
tion to humans, may also contaminate
water sources. The most significant
factor influencing the potential for wa-
terborne transmission of Crypfosporid-
ium, however, is the fecal-oral route of
transmission from host to host by its
environmentally stable oocyst.

Waterhorne epidemiology
of Cryptosporidium

Cryptosporidium is responsible for
diarrheal disease and has been trans-
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TABLE 1

Recovery efficiencies for Cryptosporidium from various waters

Seed Volume | Seed Level] Type of Percent Recoveries
Study L perL Water Ranges Averages
Ongerth and Stibbs® 7-20 108-108 River 5-22 95
Musial et al3# 378 0.2-2.6 Tap water 9-29 174
Rose et alt! 378 108 Tap water 25-80 59
Rose et al4! 378 04 Tap water 31-42 36
Rose et al*6 378 10¢ Effluent Not reported 20
TABLE 3
Cryptosporidium oocyst concentrations in environmental samples
Number of Number Oocyst/L
-State Type of Water Samples Positive Average
Arizona Treated effluent 20 15 489
: Raw sewage 5 5 1,732
Streams* 9 8 18
California Streams 3 1 0.04
Colorado River* 2 2 0.12
Treated effluent 2 2 4.0
Oregon Streams 6 5 0.05
Texas Reservoirs* 6 6 11
I Raw sewage 6 4 41
Utah Lakes and streams™ 48 34 89
Total 107 82 '

*Receiving sewage discharges

"‘mitted through the water route. It is not

known how significant this route of
transmission is in comparison to other

_possible paths, such as person to person.

In more than 50 percent of the water-
borne outbreaks in the United States, an
etiologic agent was not identified.!?
Cryptosporidium may have been re-
sponsible for some of these outbreaks,
yet may have gone unrecognized. Studies
on waterborne outbreaks can provide
valuable information on sources of con-
tamination and the reliability of water
treatment processes. In addition, infor-
mation on disease in populations, other
transmission routes, and infectious dose
will help define the epidemiology of
waterborne cryptosporidiosis.

Cryptosporidium was first recognized
as a pathogen during an outbreak of
diarrheain a turkey flock in 1955, after
which it was identified as an infectious
agentin cattle and sheep.12-17 Serological
studies indicate widespread infection in
calves; neonates are most susceptible,
with significant morbidity and mortality.
Zoonotic transmission has been docu-
mented as previously described; how-
ever, this may not be a major trans-
mission route.® )

In humans, Cryplosporidium infections
were first identified with immunocom-
promised individuals!® and were brought
to the attention of the medical com-
munity with the occurrence of acquired
immune deficiency syndrome (AIDS).1®
Cryptosporidium has now been identified
in diarrheal specimens from immuno-
competent individuals ranging from a
0.12 to 23 percent prevalence.’ In North
America, Cryptosporidinm has beenfound
in 0.6 to 4.3 percent of the diarrheal
cases. Children under two years of age
may be the most susceptible, and Crypto-
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sporidium has become problematic in
day-care centers. Person-to-person trans-
mission has been documented in day-
care centers?02! and in hospitals?223 and
may play a major role in the spread of
disease. : :

Cryptosporidium is considered a pri- -
mary pathogen. Current? has speculated,
however, that the virulence of isolates
may vary. Thatis, Cryplosporidium from
different sources may vary in its capacity
to cause infection and disease, depending
on its virulence. Other investigators
have also suggested a similar varia-
tion.2¢25 A second factor that will play a
role in the initiation of disease is the
infectious dose, which has not been well-
defined for Cryplosporidium. Ernest et
al? reported 22 percent infection with
100 oocyst inoculum in mice. Miller et
al?” presented data that indicated as few
as 10 oocysts could initiate infection in
primates. The ability of an organism to
cause infection at low levels of exposure
enhances the potential for waterborne
transmission. Preliminary results sug-
gest that Cryplosporidium may have a
low infectious dose.

Therole of Cryptosporidium as a cause
of travelers’ diarrhea has implicated
transmission through contaminated wa-
ter.282¢ No definitive proof has been pro-
vided, yet Cryplosporidium infections
were related toinfections of other water-
borne pathogens such as Giardia. Al-
though speculative, illness in Caribbean -
tourists was associated statistically with
the consumption of tap water.

Two waterborne outbreaks caused by
the contamination of drinking water by
Cryptosporidium have been documented.
The first was a result of a sewage-
contaminated well.®® The well was chlo-
rinated, although no residuals were
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: TABLE 2 .
Summary of previous reports of Cryptosporidium oocysts in sewage and various waters*
Number of Oocysts/L .
Water Source Samples Range Average Reference
Arizona .
Effluent 2 5-17 ) 11} 40
Raw sewage 4 850-13,700 5,180 45
Effluent 11 4-3,960 1,063 45
Surface waters 6 0.8-5,800 1,920 45
Washington -
Surface waters 11 2-112 251 - 39
*Arithmetic means
tAdjusted values based on recoveries
, TABLE 4 :
Occurrence of Cryptosporidium oocysts in various waters throughout the western United States
Number of
Number of| Samples Percent
Water Sampled Samples Positive Positive | Oocysts/L*
Raw sewage 11 10 91 284
Treated sewage} . . 22 20 91 17
Reservoir, lake 32 24 75 0.91
Stream, river . 58 45 77 0.94
Filtered drinking water . 10 2 20 0.001
Nonfiltered drinking water 4 2 50 0.006
*Geometric means
tActivated sludge

reported. It was suggested that the
contamination had percolated through
the ground to the well. Oocysts were
found in the stools of those with diarrhea,
and the incidence of illness (117 cases)
was 12 times greater than in the neigh-
boring community. The Norwalk virus,
which has been documented in previous

waterborne disease outbreaks,3! was also

found in the diarrheal stools. There is
some uncertainty regarding the amount
of illness that could be attributed to
Cryptosporidium. Because sewage was
the source of the contamination, it might
not be too surprising that multiple
pathogens were implicated in the out-
break. No oocysts were recovered from
the drinking source. However, methods
for the recovery of oocysts from water
were not well developed at that time.
The second outbreak occurred early in
1987, in Carrollton, Ga., a community of
16,000 people.?? The increased incidence

.of student illness at a university clinic

on January 20 first alerted the health
department, and the Centers for Disease
Control was brought in. It was deter-
mined that the illness was widespread
throughout the community served by
the public water system. Those indi-
viduals consuming well water had statis-
tically less illness than those consuming
city water. Cryplosporidium was iden-
tified as the etiologic agent through
examination of diarrheal specimens.3
The drinking water underwent conven-
tional treatment (coagulation, sedimen-
tation, filtration, disinfection) and met
coliform (1 cfu/100 mL) and turbidity
standards (1 ntu). Free chlorine residuals
wereas high as 1.5 mg/L at the treatment
plant. After extensive sampling, oocysts
were detected in the treated water.3
Little published information that docu-

FEBRUARY 1988

ments this outbreak is available. Future
reports detailing the Carrollton outbreak

_of cryptosporidiosis will provide more
insight into the waterborne transmission
of Cryptosporidium. ,

In New Mexico, 78 cases of crypto-
sporidiosis were confirmed in 1986
through laboratory diagnosis of patients
with diarrhea.3 Seventy-four percent of
the patients lived in the same county,
and 32 of these individuals were con-
sidered household or day-care contacts
of the 24 included in the study. Various
risk factors were statistically evaluated
to determine a possible source of infec-
tion. Drinking untreated surface water
was found to be associated with illness.
In addition, there may have been an
increased risk of infection from swim-
ming in surface waters. This is the first
incident for which recreational exposure
was suggested as a transmission route.
Attendanceat a day-care center in which
other. children were ill was also con-
sidered a risk factor, which confounded
the analyses.

The previous discussion demonstrates
the uncertainty in assessing the risk of
waterborne cryptosporidiosis. Infectious
dose and virulence variation are ill
defined. Other transmission routes may
conceal the role water has played as the
source of infection. The greatest un-
certainty is the contribution of Crypio-
sporidium to outbreaks of unknown
etiology or to unrecognized, unreported
outbreaks.: Considering the difficulties
with epidemiologic studies, even during
outbreak situations these data probably
should not be used to establish the
significance of waterborne transmission
of Cryptosporidium. Perhaps an alterna-
tive approach for the assessment of
potential waterborne transmission is to
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evaluate the exposure by defining the

occurrence of Cryplosporidium in water.

Recovery and detection methods -
for Cryptosporidium oocysts in water

To determine the occurrence of Cryp-
tosporidium in environmental samples,
the oocysts must be recovered -and
detected. Methods for environmental
samples evolved partially from those:
used for Giardia and from those used in.
theclinical laboratory. This has included
a combination of density gradients and
flotations to concentrate and clarify the
sample® and antibodies specific to the
oocyst wall for detection using immuno-
fluorescent techniques.36-38 e

In water samples, the concern is being
able to detect low concentrations of
oocysts in large volumes of water. Two
similar systems have evolved that rely
on concentration of the oocysts from
water using filters. The method:de-
veloped by Ongerth and Stibbs® em-:
ployed 293-mm polycarbonate membrane

~ filters. The method consists of first

passing 20 L of water through a 5-um
prefilter. The oocysts were concentrated
by subsequent passage of the filtrate ,
through a 1.0-um filter. The oocysts
were recovered from the polycarbonate
filter through the vibration of the in-
verted membrane in 200 mL of distilled
water. The debris or sediment recovered
was pelleted or concentrated using cen-
trifugation, and the sample was clarified
using a potassium citrate (1.19 g/mL)
density gradient. The sample was filtered
through cellulose nitrate membrane fil-
ters (1.2 pm) and stained with polyclonal
antibody tagged with fluorescein isothio-
cyanate. The oocysts were detected using
anepifluorescent microscope. The second
method® used a 10-in. (250-mm) poly-
propylene cartridge filter (1.0-um pore
size) for concentrations of the cocysts
from water. This system has an advan-
tage over the polycarbonate system in
that it can be easily transported to the
sampling site, and large volumes of water
(100-1,000 gal [378-3,785 L]) can be
processed. A disadvantage is the elution
procedure. The cartridge filter was proc-
essed with 6 L of a 0.1 percent distilled
water solution* by backflushing, cutting
apart, and washing the filter. Thus, it
was necessary to concentrate 6 L of the
eluent toa pellet using centrifugation, in
contrast to approximately 300 mL when
using the membrane filter method.

The cartridge filter system used a -
sucrose (1.24 g/mL) flotation to clarify
the sample. High recoveries were
achieved when 0.1 percent distilled water
solution* and 1 percent sodium dodecy!
sulfate’ were used with the sample.
Oocysts were detected on a glass slide (or
hemacytometer) using a monoclonal
antibody and epifluorescent microscopy.

*Tween 80, J.T. Baker Chemical Co., Phillipsburg, N.J.
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Further development of the cartridge
filter system by Rose et al*! has included
(1) decreasing the eluent volume to 2,700
mL, (2) improving clarification using
sucrose at specific gravities of 1.24 and
1.17 g/mL, and (3) using a cellulose
nitrate filtration membrane in conjunc-

tion with a monoclonal antibody for

oocyst detection. Microscopic counts can
be used to calculate the numbers in the
equivalent volume passed through the
membrane filter. This quantification
may also be used to evaluate the effi-
ciency of the methods in seeded experi-
ments. Recovery rates for Cryptosporid-
tum docysts areinfluenced by the volume
sampled, oocyst levels, and, most im-
portant, water quality. Large volumes,
low levels of oocysts, and poor water
quality (high turbidity, suspended solids,
organic content) may decrease recoveries.
Table 1 summarizes various method
efficiencies. Average recoveries ranged
from 9.5 percent in river water3® to 59
percent in tap water.! '

Levels (or counts) of oocysts found in
water samples may be adjusted mathe-
matically to reflect a more true conceh-
tration based on recovery method effi-
ciencies. But this approach should be
used cautiously. Unless seeded recov-
eries are determined concurrently with
each sample tested, accurate determina-
tions cannot be made. Recoveries vary
even under controlled laboratory condi-
tions, and characteristics of the water
sample at the time of collection will
influence this recovery rate.

In addition to poor recoveries, the
current techniques have a number of
other limitations. Oocysts excreted from
birds, which may not be infectious for
humans based on transmission studies
between mammals and birds,® may be
detected in some samples, depending on
the antibody used. In all previously
reported studies, no differentiation has
_been made between bird or mammalian
oocysts.26-38 The most significant limita-
tion is probably the inability to determine
oocyst viability. Viability of oocysts from
fecal samples has been assessed through
infection in a mouse model or through in
vitro excystation.2642-4¢ Qbviously, a
bioassay system addresses infectivity
but is expensive, less quantitative, and
variable based on host susceptibility and
infectious dose. Excystation is the pro-
cess by which the oocyst opens up to
release the sporozoites. This process
may be induced in the laboratory. Ex-
cystation of an oocyst preparation may,
however, decrease over time; the rela-
.tionship between percent excystation
and infectivity is undefined; and the
counting of sporozoites and full and
empty oocysts may be imprecise. Appli-
cation of a bioassay or excystation
procedure for determining the viability
of oocysts recovered from environmental
samples is currently impractical.
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Environmental occurrence
of Cryptosporidium in the western
United States

Until 1985, little was known about the
occurrence of Cryplosporidium in the
environment. Because this protozoan is
an enteric pathogen found in feces, it
follows that the oocysts may be found in
sewage and contaminated environments.
Musial et al® estimated oocyst levels
based on recoveries between 5 and 17/L
in secondarily treated sewage. Madoreet
al¥investigated select wastewater facil-
ities and surface waters, many receiving
wastes from dairy farms and beef-
packaging plants. Waters receiving agri-
cultural runoff from cattle pastures were
also tested. High concentrations of
oocysts were found in some sewage
samples, averaging 5,180 oocysts/L in
raw sewage -and 1,063 oocysts/L in
treated sewage. Surface waters varied
between 0.8 and 5,800 oocysts/L. Ongerth
and Stibbs® reported the presence of
Cryptosporidium in several rivers in
western Washington at levels between 2

and 112 oocysts/L (estimated from re- -

coveries). A summary of these reports is
presented in Table 2.

" New information has come from more
comprehensive investigations begun in
1986 on waters throughout the western
United States for the occurrence of
Cryptosporidium. Samples were collected
using the cartridge filtration method.
Filters were shipped to Arizona and
processed using the methods previously
described.tt All data are reported at the
levels observed in the samples without
any adjustment because of recovery
efficiencies.

. Thus far, 107 samples have been
collected from Arizona, California,
Colorado, Oregon, Texas, and Utah.
Various waters were sampled, including
raw sewage, effluents (activated sludge),
rivers, streams, lakes, and reservoirs.
Many of the waters sampled. were re-
ceiving treated sewage discharges. The
results are summarized in Table 3. Of
the 107 samples, 77 percent were positive
for Cryptosporidium. Arithmetic means
were calculated and ranged from 4.1 to
1,732 oocysts/L in treated sewage and

from 0.04 to 18 oocysts/L in streams,

reservoirs, and lakes. Streams sampled
in Oregon and California had the lowest
levels of contamination (0.05 and 0.04
oocysts/L, respectively), whereas waters
sampled in Arizona and Utah were higher
(18 and 19 oocysts/L, respectively). The
higher concentrations were detected in
surface waters receiving sewage dis-
charges.

A wide variation in oocyst concen-
trations in the waters sampled was
observed, with high levels detected
occasionally in individual samples. This
may reflect the variation in (1) collection
of the grab samples, (2) recovery effi-
ciencies influenced by the changes in
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water quality, or (3) contamination of -
the waters. To account for this variation,
geometric means were calculated for
these same samples by water types
(Table 4). For raw and treated sewage,
91 percent of the samples were positive
for Cryptosporidium, with average con-
centrations of 28.4 and 17 oocysts/L,
respectively. The levels of oocysts de-
tected in reservoirs or lakes and in
streams or rivers were similar (0.91 and
0.94 oocysts/L, respectively), with 75
and 77 percent of the samples positive,
respectively. The majority of these
samples were receiving sewage effluents.

In addition, 14 drinking water samples
were collected (Table 4). Of the 10 filtered
samples, no oocysts were detected in
waters receiving conventional treatment
(coagulation, sedimentation, rapid sand
filtration, disinfection). Qocysts were
detected in one sample from drinking
water after treatment by direct filtration.
But the plant was not operating optimally
because the mixers for the coagulants
and ozonator were not functioning. One
of two samples collected from waters
receiving filtration without coagulation
was positive for Cryptosporidium oocysts.
Levels of oocysts in filtered drinking
waters were low, averaging 0.001°
oocysts/L (geometric mean). Two of four

samples of unfiltered, chlorinated drink- " -

ing water were positive for Cryplosporid-
tum. Again, low levels were detected
(0.006 oocysts/L). .

Surface drinking water supplies in
two distinct areas were sampled and
tested for Cryptosporidium, Giardia, total
coliform and fecal coliform bacteria, and
turbidity. Six samples were collected
from one area, area A, which included
four reservoirs and two rivers. These
were multiuse reservoirs and were open
for recreational purposes. Three of the
waters were receiving effluent dis-
charges. Both waters were convention-
ally treated prior to distribution.

Six samples were collected from rivers
in a second area, area B. These waters
were in protected watersheds, closed to
any public use, and were treated solely
by disinfection. Samples were collected
in October and November, at which time
the weather was rainy in both areas A
and B.

Table 5 contrasts area A with area B.
Bacterial and turbidity concentrations
were consistently 10 to 300 times higher
in samples collected in area A. Crypfo-
sporidium concentrations were also
higherinarea A, in which 100 percent of
the samples were positive (averaging
0.99 oocysts/L), in comparison with 83
percent of the samplesin area B, averag-
ing 0.02 oocysts/L. Waterfowl were found
at all the reservoirs in area A, however,
and may have contributed to the con-
tamination. Only one sample was posi-
tive for Giardia from each area. Concen-
trations were 0.29 and 0.006 cysts/L for
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, TABLE 5
Levels of Cryptosporidium, Giardia, bacteria, and turbidity in surface waters from areas A and B
Total* Fecal* )
) Coliforms Coliforms Number Positive/ Cryptosporidium Number Positive/| Giardia
Turbidity Per 100 mL Per 100 mL Number Collected Oocysts/L¥ Number Collected| Cysts/L¥
Area A 113 1,354 437 6/6 0.99 1/6 0.29
Range 2-33 200-24,000 110-8,000 0.19-3.0 R
Area B 15 43 1.5 5/6 0.02 1/6 0.006
Range 0.08-4 0-30 0-10 g 0.01-0.13 n

*Geometric means
tArithmetic means

areas A and B, respectively. Cryplo-
sporidium oocysts were detected more
frequently and at higher concentrations
than Giardia.

The poorer quality water in area A is
reflected by the levels of bacteria, tur-
bidity, and parasites. No statistical
evaluations have been made because of
the limited number of samples. It is,
therefore, uncertain whether bacterial
indicators or turbidity would be useful
surrogates for the parasites. .

The results presented on the inves-
tigation of waters in the western United
States suggest that Cryptosporidium is
ubiquitous in the water environment.
Concentrations may vary 3 to 4 log-
arithms, depending on the types of
wastes entering the water. Cryptospor-
idium can be found in source waters
used for potable supplies and has occa-
sionally been detected in treated drinking
water. The significance of these findings
is twofold: (1) drinking water treatment
plants may be challenged with varying
concentrations of Cryptosporidium
oocysts in the source water, and (2)
treatment processes should ensure ade-
quate removal or inactivation of this
potential pathogen.

Removal of Cryptosporidium
by water treatment processes

Water treatment plays a significant
role in the prevention of waterborne
disease. It has long been recognized,
however, that Giardia cysts are more
resistant todisinfection than are bacteria
or viruses. Therefore, in addition to
disinfection, filtration has been recom-
mended to ensure removal of parasite
cysts. The oocysts of Cryptosporidium
are smaller than the cysts of other
protozoa and are the smallest of the
coccidia, averaging 4 to5 umin diameter,
with a spherical or slightly ovoid shape.?
Removal and inactivation efficiencies
for Cryptosporidium oocysts by filtration
and disinfection are unknown, as these
investigations are just beginning. Pre-
liminary data are available that suggest
the efficiency of some of these treatment
processes.

Both secondary wastewater and
wastewater after sand filtration have
been examined for the occurrence of
Cryptosporidium.*! Based on average
numbers of oocysts, an 87 percent re-
moval could be estimated for the filtra-
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tion step. A survey of a drinking water
treatment plant employing filtration re-
ported a large number of oocysts recov-
ered off the filter backflush (2,906/L).4¢
This indicates that Crypfosporidium will
be concentrated on the filter. Comparison
of oocyst levels in the source water to
those in the finished water indicated a
91 percent reduction. These conclusions
should be viewed cautiously because the
data are limited and are not temporal.
Also, both the wastewater and drinking
water filtration systems were sand filters
and were utilized without the addition of
coagulants or polymers. A major out-
break of Cryplosporidium was, however,
associated with a conventional rapid
sand filtration plant that produced water
meeting coliform and turbidity stan-
dards.” Various deficiencies may have
been involved in the plant’s failure to
remove the oocysts. These included no
mechanical agitation during the floccu-
lation process' and restarting filters
without backwashing. Regardless of the
operational problems, the plant was
meeting current regulations. It may be
that turbidity or coliform bacteria are
not adequate indicators for Cryplospor-
idium. Currently, removal efficiencies
of oocysts by various types of filtration
are unknown. Operational variables that

. may influence oocyst breakthrough or
surrogate indicators for efficient re-
movals are undefined.

~ The efficacy of water disinfection is
also unknown for Cryplosporidium. A
few investigations have reported on the
effectiveness of a number of disinfectants
used in the laboratory.4-5 Only one
study included sodium hypochlorite,
which has relevance to use in water
disinfection. Campbell et al®® reported on
the effectiveness of a 3 percent solution
of sodium hypochlorite (undiluted
bleach). Newborn mice were used to
ascertain oocyst viability. Oocystsinrat
gut homogenates were mixed with an
equal volume of the disinfectant and
solutions were incubated at room tem-
perature and 4°C for 2 and 18 h, respec-
tively. The concentration of the disin-
fectant available initially and at.the end
of 2 or 18 h was not determined. It could
be assumed that the gut homogenate
had some chlorine demand. No quantita-
tive determinations of inactivation were
made. Although a 3- to 4-logarithm re-
duction may not be significant in clinical
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samples, it could be very significant in
environmental samples. Nevertheless,:
infection was obtained in mice after 18 h
exposure to undiluted bleach. Bacterial
pathogens under similar conditions were
readily destroyed. Although oocyst .
counts in this study were only slightly
decreased after 18 h, the counting ac-
curacy was -not determined and no at-
tempts were made to distinguish empty
and full oocysts. Cryptosporidium may
be extremely resistant to disinfection,
but no assessment can be made on its
resistance or susceptibility to water
disinfectants until the experimental data
onoocyst inactivation by failure toexcyst
or infect under controlled water disin-
fection conditions are reviewed. It may
be stated that under conditions such as
those observed during the outbreak in
Carrollton, Ga., oocysts were able to
survive routine disinfection practices,
whereas coliform bacteria were not.

Potential for waterborne transmission
of Cryptosporidium

Thereis nodoubt that Cryplosporidium
has the attributes of a waterborne
pathogen. Yet the role water plays in its
transmission is difficult to determine.

Although methods have evolved to
study the occurrence of Crypiosporidium
in water, recovery inefficiencies and an
inability to determine viability are major
limitations. The survival of oocysts in
the environment and removals or in-
activation by sewage- and drinking-
water-treatment processes are unknown.
Infectious dose and virulence variation
are also undefined. Despite these limita-
tions, it may be concluded that Crypfo--
sporidium can be commonly found in
water and high levels of contamination
canoccasionally occur. Water treatment
operators currently have no basis for
evaluating the adequacy of treatment
processes for removal of Cryptosporidium
‘oocysts. :

Arecent review by Current? concluded
that: (1) the epidemiology and transmis-
sion of Cryptosporidium are similar to
Giardia and (2) Cryptosporidium may
now be included as a cause of human -
diarrheal illness and, in some cases, is
the most common protozoan identified.

The importance of waterborne giardi-
asis in the United States has been
recognized dur:ng the last decade. Based
on environmental occurrence, the poten-
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tial for waterborne transmission of
Cryptosporidium may be equivalent toor
greater than that of Giardia. Further
research on the biology and epidemiology
of Cryptosporidium, as well as its occur-
rence and its survival in water, will
further delineate the potential for water-
borne cryptosporidiosis.

Acknowledgment

Theauthor thanks Kelley Riley, Hamid
Darbin, Lee Landeen, Yin Ping, and
Charles P. Gerba, and Charles R. Sterling
for supplying the monoclonal antibodies
for Cryptosporidium. This work was
supported by the US Environmental
Protection Agency under grant CR-
813536-01-0. This article has not been
subject to agency review and therefore
does not necessarily reflect the views of
the agency; no official endorsement
should be inferred.

References

1. Fed. Reg.,52:25732 (July 8, 1987).

2. LEVINE, N.D. Phylum II, Apicomplexa
Levine 1970. Illustrated Guide to the

* Protozoa (JJ. Lee, S.H. Hutner, and E.C.
Bovee, editors). Society for Protozoology,
Lawrence, Kan. (1985).

3. TYZZER, E.E. A Sporozoan Found in the
Peptic Glands of the Common Mouse.
Proc. of the Soc. of Exp. Biol. Med., 5:12
(1907).

4. LEVINE, N.D. Taxonomy and Review of
the Coccndlan Genus Cryptosporidium
(Protozoa, Apicomplexa). Jour. Protozool.,
31:94 (1934).

5. UptoN, SJ. & CURRENT, W.L. The Spe-

cies of Cryptosporidium (Apicomplexa:
Cryptosporidiidae) Infecting Mammals.
Jour. Parasitol., 71:625 (1985).

6. CURRENT, W.L.; UPTON, S.J.; & HAYNES,
T.B. The Life Cycle of Cryptosporidium
baileyi n. sp. (Apicomplexa, Cryptospor-
idiidae) Infecting Chickens. Jour. Profo-
zo0l., 33:289 (1986).

7. CURRENT, W.L. Cryplosporidium: Its
Biology and Potential for Environmental
Transmission. Critical Rev. Envir. Con-
trol, 17:21 (1987).

8. ANDERsON, B.C. Abomasal Cryptospond
iosisin Cattle. Vet. Pathol.,24:235(1987).

9. FAYER, R. & UNGAR, B.L.P. Cryptosporid-

. tum and Cryptosporidiosis. Microbiol.
Rev., 50:458 (1986).

10. Liepy, E.C. & WALTRIP, S.C. Waterborne
Disease Qutbreaks: 1946-1980—A
Thirty-five Year Perspective. Jour.
AWWA, 76:2:60 (Feb. 1984).

11. StavIN, D. Cryplosporidium meleagridis
(sp. nov.). Jour. Comparative Pathol.,
65:262 (1955).

12. ANDERSON, B.C. & BULGIN, M..S. Enterms
Caused by Cryplosporidium in Calves.
Vet. Med. Small Clin., 76:865 (1981).

13. ANDERSON, B.C. Is Cryptosporidial In-
fection Responsible for Diarrhea? Calif.
Vet., 36:9 (1982).

14. ANDERSON, B.C. Cryptosporidiosis in
Idaho Lambs: Natural and Experimental

15.

58

Infections. Jour. Am. Vet. Med. Assn.,
181:151 (1982).
BARKER, LK. & CARBONELL, P.L. Crypto-

sporidium agni sp. n. From Lambs and -

Cryptosporidium bovis sp. n. From a Calf

RESEARCH AND TECHNOLOGY

16.

17,

18.

19.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

With Observations on the Oocyst. Z.
Parasilenkd., 44:289 (1974).

AnGus, K.W. ET AL. An Outbreak of
Diarrhea Associated With Cryptospor-
idiosis in Naturally Reared Lambs. Vel.

- Rec., 110:129 (1982).

Tzporl, S.; CAMPBELL, K.W.; & CLERIHEW,
L.W. Diarrhea Due to Cryptosporidium
Infection in Artificially Reared Lambs.
Jour. Clin. Microbiol., 14:100 (1981).
MEISEL, J.L. ET AL, Overwhelming Water
Diarrhea Associated With Cryptosporid-
jum in an Immunosuppressed Patient.
Gastroenterol., 70:1156 (1976).
Cryptosporldwms An Assessment of
Chemotherapy of Males With Acquired
Immune Deficiency Syndrome (AIDS).
Morbid. & Mortal. Weekly Rept., 31:589
(1982). .

Cryptosporidiosis Among Children At-
tending Day-Care Centers: Georgia,
Pennsylvania, Michigan, California, New
Mexico. Morbid. & Mortal. Weekly Rept.,
33:599 (1984).

TAYLOR, J.P. ET AL. Cryptosporidiosis
Outbreak in a Day-Care Center. Amer.
Jour. Diseases of Children,139:1023 (1985).
Baxsy, D.; Hart, C.A,; & TAYLOR, C.
Human Cryptosporidiosis: A Possible
Case of Hospital Cross-Infection. Brit.

« Med. Jour., 287:1760 (1983).
23.

Koch, K.L.; Paiuies, D.J.; & CURRENT,
W.J. Cryptosporidiosis in Hospital Per-
sonnel: Evidence for Person-to-Person
Transmission. Ann. Intern. Med.,102:593
(1984).

TziPoRy, S. Cryptosporidiosis in Animals
and Humans. Microbiol. Rev., 47:84
(1983).

FAYER, R. ET AL. Factors Contributing to
Clinical lliness in Calves Experimentally
Infected With a Bovine Isolate of Crypio-
sporidium. Proc. Helminthol. Soc. Wash.,
52:64 (1985).

ERNEST, J.A. ET AL, Infection Dynamics of
Cryptosporidium parvim (Apicomplexa:
Cryptosporidiidae) in Neonatal Mice (Mus
musculus). Jour. Parasitol., 75:796 (1987).
MILLER, R.A.; BRONSDON, MA & MOR-
TON, W.R. Determination of the Infectious
Doseof Cryptosporidium and the Influence
of Inoculum Size on Disease Severity ina
Primate Model. Proc. Ann. Mtg. Amer.
Soc. Microbiol., Washington, D.C. (1986).
Jokien, L.; PowjoLa, S.; & Jokru, A.
Cryptosporidiosis Associated With Trav-
eling and Giardiasis. Gastroenterol.,
89:838 (1985).

Ma, P. ET AL. Cryptosporidiosis in
Tourists Returning From the Caribbean.
New England Jour. Med., 312:647 (1985).
D’ANTONIO, R.G. ET AL. A Waterborne
Outbreak of Cryptosporidiosis in Normal
Hosts. Ann. Intern. Med.,103:886 (1985).
GERBA, C.P.; SINGH, S.N.; & ROSE, J.B.
Waterborne Viral Hepatitis and Gastro-
enteritis. Critical Rev. in Envir. Control,
15:213 (1985).

Cryptosporidium: ACarrollton Ga., Case
History. South Georgia Regional Mtg,
Ground Water and Poll. Control Assn.
(1987).

JURANEK, D. Personal communication
(1987).

Cryptosporidiosis New Mexico, 1986.
Morbid. & Mortal. Weekly Rept., 36:561
(1987).

GARCIA, L.S. ET AL. Techniques for the
Recovery and Identification of Crypto-

C—0352209

36.

37.

38.

sporidium Qocysts From Stool Specimens.
Jour. Clin. Microbiol,, 18:185 (1983).
STERLING, C.R. & ARROWOOD, M.J. Detec-

‘tion of Cryptosporidium sp. Infections

Usinga Direct Inmunofluorescent Assay.
Pediatric. Infect. Dis., 5:5139 (1986).

GARCIA, L.S.; BREWER, T.C.; & BOUCKNER,
D.A. Fluorescence Detection of Crypfo-
sporidium Oocysts in Human Fecal Spe-
cimens by Using Monoclonal Antibodies.
Jour. Clin. Microbiol., 25:1:119 (Jan. 1987).
S1iBBS, H.H. & ONGERTH, J.E. Immuno-
fluorescence Detection of Cryplosporid-

- -tum Oocysts in Fecal Smears. Jour. Clin.

39.

40.

41.

42.

3.

45.

46.

47.

48.

49.

50,

Microbiol., 24:517 (1986).

ONGERTH, J E. & StBBs, H.H. Identifica-
tion of Cryptosporidium Oocysts in River
Water. Appl. Envir. Microbiol., 53:672
(1987).

MusiAL, C.E. ET AL. Detection of Crypto-
sporidium in Water Using Polypropylene
‘Cartridge Filters. Appl. Envir. Microbiol.,
53:687 (1987).

RosE, J.B. ET AL. Detection of Cryp- ’
tosporidium From Wastewater and Fresh-.

water Environments. Water Sci. &
Technol., 18:233 (1986).
FAYER, R. & LEEK, R.G. The Effects of

Reducing Conditions, Medium, pH,

Temperature, and Time on in Vitro
Excystation of Cryplosporidium. Jour.
Protozool., 31:567 (1984).

SPEER, C.A. & REDUKER, D.W. Oocyst Age

and Excystation of Cryptosporidium par--

vum. Can. Jour. Zool., 64:1254 (1986).

. SUNDERMAN, C.A.; LINDSAY, D.S.; & BLAG-

BURN, B.L. In vitro Excystation of Crypfo-
sporidium baileyi From Chickens. Jour.
Protozool., 34:1:28 (1987).

MADORE, M.S. ET AL. Occurrence of
Cryptosporidium Qocysts in Sewage Ef-
fluents and Select Surface Waters. Jour.
Parasitol., 73:702 (1987). -

ROSE, J.B. ET AL. Detection of Crypio-
sporidium and Giardia in Environmental
Waters. Advances in Water Analysis and
Treatments. AWWA, Denver, Colo. (1987).
LoGsDoN, G.S. Evaluating Treatment
Plants for Particulate Contaminant Re-
moval. Jour. AWWA, 79:9:82 (Sept. 1987).
ANGUS, K.W. ET AL. Evaluation of the
Effect of Two Aldehyde-Based Disin-
fectants on the Infectivity of Faecal
Cryptosporidia for Mice. Res. Vet. Sci.,
33:379 (1982).

PavLasek, I, Effect of Disinfectants in
Infectiousness of Oocysts of Cryptospor-
idium sp. Cesk. Epidemiol. Mikrobiol.
Immunol., 33:97 (1984).

CAMPBELL, I ETAL. Effect of Disinfectants
on Survival of Cryptosporidium Oocysts.
Vet. Res., 111:414 (1982).

About the author:
Joan B. Rose is a post-
) doctoral research asso-
B ciate in the Depart-

ment of Microbiology,
R University of Arizona,
Tucson, AZ 85721.
Rose has been involved
in vesearch on methods

development for the recovery of parasites
and viruses from environmental samples
for five years and has been conducting a
survey of waters for Cryptosporidium and
Giardia for the last year and a half.

JOURNAL AWWA

C-035229



